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1. 
INTRODUCTION 
There are wel1 over 100~000 miles of concrete pavements existing 
today on our United States highway system. 'The development of these 
pavements during the first half of this century has been a process of 
learning from construction applications and mistakes. However~ the un-
expected increase :in traffic load has brought highway designers to 
experiment with relatively new types and designs of concrete pavement 
construction. 
Some designers~ in an effort to reduce temperature warping stresses~ 
have used short slabs 10 to 15 feet in length~ generally unrein.f'orced. 
Another type of construction is the definitely jointed slabs, the slabs 
being from 20 to 100 feet long with steel reinforcement of some kind and 
a load transferring device at the joints. Experiments and construction 
with continuous~ reinforced pavements~ employing very long slabs~ in 
attempts to eliminate the problems incidental to joint_ construction and 
performance~ have been going on in recent years. 
Unfortunately the lessons to be gained from a new type of pavement 
construction generally takes a long time. It has been estimated that 
five to ten years are needed for a pavement to attain material adjust-
ments~ conditions of subgrade support~ and stresses characteristic of a 
mature pavement. Therefore~ the relative merits or disadvantages to 
any of the mentioned types of pavements remain to be determined with 
time. cne factor is known to be conmon to al1 types of pavements~ that 
is the development of cracks~ although very minute in some types. 
Along with these different types of construction is the trend to 
thicker pavements. Thus the pavement is be9oming more rigid on a sub-base 
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that is flexible. Considerable investigation has been expended in an 
effort to arrive at a rigid sub-base which woul.d have properties inherent 
to that o.r the concrete. Moisture entering the sub-base and eventually 
causing a ''void" or area with no support to the pavement has been a prob-
lem for rigid pavements. 
In considering these problems confronting the highway engineer it 
is conceivable that a prestressed concrete pavement may offer some 
possible answers. 
It is known that in order for the prestressing process to be econo-
mica1 the prestress load must be transferred to the concrete at very 
early ages~ therefore, an economicall;r high early strength without detri-
ment to other properties need be obtained. This has led to this investi-
gation into the early age properties o£ regular T.ype I non-reinforced 
concrete at an elevated temperature. 
It is hoped the results obtained wil1 fUrther advance our knowledge 
o£ the properties or concrete and eventuall;r lead to the deve1opment or 
an economical~ l.ong life pavement which is the u1timate goa1 o£ al.1 
high~ engineers. 
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HISTORICAL BACKGROUND AND OBJECT OF THE INVESTIGATION 
Effects of a constant auring temperature on the earlY strengths, 
i.e., :Less than one ~. of concrete and the relationship between co~ 
pression strength and £l.exura1 strength at these ages were the objectives 
of this investigation. A1though a mul.titude of tests have been made on 
the strength of concrete and many reports published, there is very littl.e 
record of strength tests at ages :Less than three days. Fiel.d tests per-
formed by the Oregon state Highway Commission(:L) on specimen8~which were 
(1) Finkbiner, N. M., Comparison of the strength of Concrete in Com-
pression and Tension, Public Roads, Vol.. 5. pp. 14• Jan\18.17 1925. 
cured on top of the pavement, receiving the same conditions of curing as 
the pavenent itsell, were .found to have an average compressive strength of 
.3 1 185 psi and an average tensile strength of 288 psi. The compression 
strength therefore was 11..06 times greater than the tension strength. 
Gonnerman and Shuman(2) found that the :Longer specimens were :Le.tt; in 
(2) Gonnerman, H. P. and Shuman, E. c., Fl.e:xure and Tension Test o.t 
Pl.ain Concrete~ Port:Land Cement Association, Report of the Director of 
Research (1928 • 
the moist curing room before remova1 to normal. laboratory conditions .tor 
storage, the higher were the strengths at l.ater ages. Three and seven dq 
strengths were about the same regard1ess o.t being cured in moist room or 
normal. conditions of the :Laboratory, however, the l.ater ages were affected 
as previousl;r mentioned. The modul.us of rupture was about l./5 to 1/7 of 
the compressive strength and the tensile strength about 1/l.O to ~12 the 
compressive strength. 
James w. Johnsont3) found, in a series of tests on 800 specimens, that 
~4 
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(3) Johnson~ J. W.~ Relationship Between Strength and Elasticity of 
Concrete in Tension and in Canpression~ Iowa State College Engineering 
£1xperiment station Bul1etin No. 90, Vo~. XXVI, No. 72. May 1952. 
the data obtained show the following: 
~. The modu1i of elasticity in tension and in compression~ for 
~oads up to 50% of the ultimate~ IIl8Y' be considered equal. 
for design purposes~ al.though in most cases the modul.us in 
compression is slightly 1arger than the modu1us in tension. 
2. The compressive strength of concrete is S to ~7 times the 
tensile strength~ depending on the age and consistency. 
3. The modu1us of rupture of concrete is ~.S to 2 • .3 times the 
u1timate tensile strength. 
It was not expected that the resul.ts of this investigation woul.d 
necessari~ corre1ate with any of these resul.ts~ but a possib~e trend was 
suggested. It must be remembered these tests were run with a cement in-
ferior to tod.a.,v' s standards~ and with ~oss accurate types of instruments. 
Temperature of curing has decided effects on the strength of concrete. 
D. o. Wool£~ & K. S. Shippey(4) had the following resu1ts on portland 
(4) WooU~ D. O. & Shippey~ K. s.~ Effect of Temperature and Moisture 
Content on the F1exural. strength of Portland Cement Mortar~ Public Roads~ 
Vo~. 1.5. PP• 248-50, 1934. 
cement mortar: 
l.. Increase in temperature of mortar beams at times of tests~ 
resUlts in a reduction of flexural strength. 
2. The effect of the temperature of a mortar beam at time of 
test on the fl.exural. strength is more pronounced in the case 
of beams tested in wet conditions than with oven-dried beams • 
.3. In these tests~ the £l.exura.1 strength of mortar became tested 
in a wet condition appeared to be affected to a greater 
extent by a change of temperature from 700F to lOQOF than 
from 40°F to 700F. 
4• Mortar beams tested in a dry condition show a uniform re-
duction in f1exural. strength with an increase in temperature 
from 40°F to J.OQOF. 
5. Mortar beams tested in a dry condition deve1ops higher 
f'l.e:xnral. strength than beams tested in a wet condition pro-
vided duplication in curing conditions has been attained. 
In tests run by the National Ready f.1ix Concrete Association ( 5) two 
(5) Treatment of Cylinders Can Reduce Strength Findings, Concrete, Vol. 
64, n3 PP• 30, March 1956. 
sets of specimens were made, one set cured at 70°F in a moist room, the 
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other set cured at 100°F in normal air. Taking the strength of the 700F 
specimens as 100%, it was found that a specimen cured at 100°F in normal 
air for 4 days before being transferred to the laboratory moist room lost 
approximately 17% in strength tor a 7 day strength test. For a 28 day 
test, the 100°F air specimens attained a 25% loss in strength after being 
in lOQOF air 21 days before being put in the laboratory moist room. 
These were compression tests run on standard size c.ylinders. 
Joseph J. Shidler and Wilber H. Chamberlin(6) in obtaining information 
{6) Shid1er, J. J. and Chamberlin, W. H., Early Strength of Concrete as 
Affected by steam Curing Temperatures, Proceedings, American Concrete 
Institute, Vol. 46. PP• 273-82, 1950. 
for the Bureau of Reclamation for writing specifications covering the 
steam curing of precast units, found that results indicated that 28 days 
of continuous fog curing at 70°F produced higher 28 day compressive 
strengths than any steam curing or combination steam and fog curing. They 
also found that the advantage of continued steam curing was very marked 
for the first 24 hours but decreased rapidly with age and had little value 
after about 48 hours. The results also showed that a delay of a few hours 
prior to steam curing was beneficia1; that temperature between 130°F and 
165°F produced optimum results; that temperature above 165°F and rapid 
temperature rise were injurious to the concretes. It is interesting to 
note that cylinders put in the 70°F fog room then transferred to the 100°F 
steam room and tested at 24 hours, gained strength for each additional . 
hour stored in 70oF fog room up to 8 hours, but after 12 hours storage in 
the 70° fog room before transfer~ the 24 hour strength decreased. Also 
cylinders cured at 100°F had ll% more compressive strength than cy-
linders cured in the 70° fog room at 12 hours; 10% more at 2A hours; and 
3% 1ess at 72 hours. 
As previous~ mentioned~ the objective of this investigation was to 
find early age characteristics of concrete. however~ tests at later ages 
were to be made• such as 7 ~ 14 and 28 days• in order to establish a 
comparison~ if need be• with other data. strains were to be measured at 
these early age tests also in order to ascertain if aqy critical action 
takes place in the concrete. The resul.ts obtained were to be pr.imal:i.]¥ 
applicab1e to a design mix containing materials such as is now being used 
by the Missouri Highway Department. No attempts were to be made to vary 
the mix or the constituent mater.ial.s. 
DESCRIPTION OF FACILITIES FOR CONTROL OF TEMPERATURE 
One of the objectives of this investigation was to observe the 
effects on earl;v ages of concrete from mixing~ curing and testing at as 
near a constant temperature as possib1e. This meant that ma.terial.s shou1d 
be stored and proportioned before mixing• and cured after mixing 1mder the 
same conditions. The mi:x:i.ng and testing machines should be c1ose enough 
to the curing roan to prevent an.y substantial. 1oss in temperature. The 
curing room should have amp1e space for storage or ma.ter.ial.s and curing 
specimens. with additional. space for proportioning the materials. SUch a 
.tacil.ity was designed and bui1t by Mr. Peter G. Hansen of the Mechanics 
Department • in the Mechanics Department Laboratories • for a series o:t 
investigations or which this investigation is a part. 
All. procedures of hatching~ mixing~ capping• curing and testing were 
carried out with a minimum of del.IQ". This was due to the arrangement of 
facilities as shown in Figure 1. 
Heat in the curing room was suppl.i.ed by three 160 watt screw type 
stm bow1 heaters. in three porcelain lamp holders mounted on a transite 
board so that the source of heat could be moved about i.:t necessary. 
CUrrent was from a 20 amp circuit which was fed through a 1/:1 Li.nestarter 
winch was activated by a regular room type. 400 to 80° thermostat which 
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was a1tered to hold the temperature as c1ose to 100° as possib1e. Humidity 
was maintained by moisture gi. ven o.tt ot a hot 11ater bath with a constant 
water feed. The :tan o.t a 1 ton air conditioning unit~ used previou&cy for 
a seri.es at 40op • gave circulation to the warm air. The temperature was 
held at 100°F ±. 2P and the relative humidity varied f'rom 73% to 82% with 
the average at 79% the majority of' the time• in the curing room. See 
Figure 2 f'or a v:l.ew of the curing room showing the above equipnent. 
It is the author's opinion that any var:Lance between ptq'sical 
properties of similar types of specimens is not due to control o£ 
temperature ani humidity of the curing room. 
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Figure 2 View of Curing ~oom 
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REQUIREMENTS FOR MATERIALS USED IN TESTS 
Ma.teria1s used in this investigation conformed to the 1.955 Missouri 
state Highway Commission Standard Specifications. Tests were run on the 
materials by the Missouri School. o:r Mines Laboratories and by the Missouri 
State Highway Ma.terial.s Laboratoey at Je£ferson City, Missouri. 
CEMENT - Two brands of Type I Cement were used, and in order to correlate 
the resul.ts of several previous investigations, arrangements bad been made 
with the two respective manufacturers' to purchase cement al1 .trom the same 
burn. Due to this fact the cement had been stored approximate4r six 
months when this investigation was begun, with the resul.t of l.umps being 
.tormed in the sacks. However, after sampl.es of the cement. were checked, 
it was decided the strength of the cement was not affected. Therefore, 
all cement retained on a No. 1.0 screen was discarded and the remainder 
used. The two brands were bl.ended during this screening process. 
COARSE .AGGREXZATE- The crushed limest.one used was purchased f'rom the 
Bussen Quarry Company, Lemay, Missouri. All the material. had been pre-
viously purchased at one time in su.tficient quantities !'or al.l. the series 
of tests in order to maintain a consistent type of aggregate with a 
specif· c gravity of 2.66. The specifications for gradation were: 
Passing l. l/2" Screen 1.00% 
Passing l." Screen 
Passing l/2" Screen 
Passing #4 Screen 
Passing #lJJ Screen 
To eliminate any possibl.e segregation that may have occurred in the bins 
the coarse aggregate was screened, reproport.ioned and rendxecl. Due to 
the small amount of material. retained on the l." screen, tbis size was 
eliminated. The proportions in % of weight of coarse aggregate were: 
Retained 1/2" Screen 35% 
Retained #4 Screen 60% 
Retained #10 Screen 5% 
FINE AGGREGATE - The fine aggregate was river sand procured from the 
Meramec River Sand and Gravel Company, Pacific, Missouri. The specific 
gravity was determined to be 2.55, with no specifications as to gradation. 
It was also assumed that segregation in the bins was negligible and no 
corrections would be necessary. 
WATER - Mixing water was from the Missouri School of Mines system and 
stored in a 50 gallon drum in the curing room. 
PRE-MIXING PROCEDURE - Aggregates were stored in basement storage bins 
and at least 72 hours prior to pouring, sufficient material for the pour 
was separated by screens, re-proportioned and stored in the curing room. 
Cement was screened, mixed and stored in the curing room at this same 
time. This procedure was followed at all times so that a1l the materials 
would be at the same temperature at the time of mixing. The curing room 
was maintained at a temperature of 1QOOF ± 2<> and the relative humidity 
ranged 73% to 82%. At least 12 hours prior to pouring, a sample of sand 
and coarse aggregate was taken from the heated material in the curing 
roam and a moisture test run. Corrections for moisture in the aggregate 
were made in the mix design in order to maintain a constant water-cement 
ratio. Sample calculations for a typical mix design may be found on 
Pages ll2 & ]JJ. 
MIXING PROCEDURE - Materials were hatched by weight in all cases. The 
weighing of the batches was done in the curing room and removed only a 
few minutes before mixing in normal room temperatures. '!be mixing se-
quence followed was: 
1.3 
1. Wash mixer 
2. Add coarse aggregate 
,3. Add fine aggregate 
4- Add cement 
5· Dry batch one minute 
6. Add all batch water 
7. Mix two minutes. 
The mixer was wa.shed c1ean bef'ore each batch so that each batch would be 
mixed under the same conditions. Af'ter compl.etion of' the mixing cycl.e the 
batch was poured into a mixing pan and remixed with shovel.s to avoid any 
segregation caused by the mixer. Both cylinder and beam .forms were filled 
and rodded accord:i.ng to ASTM standard procedures. To eliminate entrapped 
air bubb1es the cylinder .forms were patted by hand and the beam .forms 
patted and pu.dd1ed a:Long each side with a trowe1. Since a constant 
water-cement ratio was specified no specific limits were set f'or sl.ump. 
However. the standard ASTM s1ump test was run at each pour as a check with 
varying resul.ts ranging f' om. 1/4" to .3"· 
RANDOMIZATION - Staff' members of' the Missouri State Highway Department 
Material.s Testing Laboratories suggested a procedure of' randomization of' 
pouring and testing in an ef'f'ort to minimize variations due to temperature 
abd humidity changes. A schedu1e was made in which the series to be poured 
on a certain date were se1ected at random, then the indi vidua.1 specimen 
numbers were se1ected at random f'or the order of' testing. This schedu1e 
was comp1eted. before any pouring and testing was started, and was .followed 
throughout the investigation. 
CURING - In order to prevent con£usion and save time, due to the batches 
being weighed in the curing room, some cylinders and beams were necess~ 
detained from being returned immediatel,y to the curing room. However, the 
longest any one specimen was detained was one hour with the temperature 
of the specimen droppine only 2° or 3°F. and regaining this loss very soon 
after being placed in the curing room. The specimens received no special 
curing other than constant temperature and uniform relative humidity. As 
mentioned previously the curing room was kept at lQQOF + 2° and a rela-
tive humidity range of ?j% to 82%. Forms were removed from cylinders and 
beams just prior to testing for all tests from 0-72 hours. Forms were 
removed from all cylinders and beams used in the indirect tension and 
modulus of rupture tests, on the third day. Cylinders for compression 
tests were removed from forms and capped before the 12 hour test. All 
specimens were kept in the curing room until time of testing. The ambient 
temperature of the curing room was recorded with a continuous recording 
thermometer. The temperature of the interior of a control cylinder or 
beam was read from a long stem Taylor thermometer placed in the specimen. 
The rel.a.ti ve humidity was measured several times a week with a wet and 
dr,y bulb thermometer. 
FORMS - Paraffined paper molds 6 inches in diameter and 12 inches in 
length with metal bottoms were used for cylinder forms. Forms used for 
the beams were designed by Mr. Peter G. Hansen of the Mechanics Department 
and built in the Civil Engineering Department shop. The forms, as 
designed, greatly facilitated the testine of the beams, especi~ at the 
very early ages. The forms were constructed of 3/4 inch plywood with 
hinges four inches from each end of the bottom side. All parts of the 
form were removed from the beam except the bottom, the hinge portions 
were folded under and the remainder of the for.m bottom served as a support 
platfonn for placing the beams on the testing machine. Each fonn was 
thoroughly oiled with motor oil prior to each pour. 
1.5 
NUMBER OF SPECIMENS - There was a tota1 of 1.<05 schedu1ed specimens made 
for this investigation. or these 1.05 specimens, 36 were compression cy-
linders, 36 indirect tension cylinders and 33 modulus of rupture beams. 
A :few prelim:inacy test specimens were made and tested in an effort to 
determine just how early a test could be run on a speaLmen. 
In addition, there were severa1 compression cylinders made and 
tested to check the strength behavior in later ages. 
DESCRIPTION OF TEST PROCEDURES USED~ 
INSTRUMENTATI<Jl AND METHODS OF REDUCT!~ OF DATA 
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There were three separate types of tests used in this investigation~ 
compression~ indirect tension and modul.us of rupture. Since each of these 
tes s invo1ve such wide differences in methods and a.na:cysis~ they will be 
treated separate~ as to procedure and reduction of data. 
COMPRESSION TEST 
Compression tests were made on standard 611 x 12" compression cy-
linders cast in pa.raf'.tined paper mo1ds with meta1 bottoms. The age of 
the cylinders when tested ranged from 3 hours to 28 days. The 3 ~ 5, 7 ~ 
and 9 hour specimens were tested on a Rieh1e Universal. Screw Driven 
Testing Machine having ranges of 0..3000~ o-6000, o-12~000~ D-30~000 and 
o-60~000 pounds. The remainder of the tests was performed on a o-60,<XX> 
and Q-300,CXX> pound Riehl.e Hydraulic Compression Testing Machine. These 
machines are shown in Figure l. in their respective positions in the 
Mechanics Department Laboratories. Both machines had been checked by a 
Rieh1e representati. ve and more recently checked by members of the Mechanics 
Department sta:t:r and found to be within the to1erance of' one percent. 
DESCRIPTION OF TEST - Cylinders were tested at .3, 5 ~ 7 ~ 9 ~ 12~ 24~ 48 and 
72 hours and 7 ~ l4 arxl 28 days. Cylinders at the age of .3 ~ 5 ~ 7 and 9 
hours were tested with a tiber board on top of the cylinder~ to distribute 
the load. Two Ames dial.s were used to measure deformations. All re-
ma.:i.ning cylinders, i.e.~ 12 hours through 28 days~ were stripped of forms 
prior to 12 hours and capped with approximat~ 1/4 inch plaster of paris 
on top and bottom. A Riehle compressometer was used to measure defor-
mations on capped cylinders. The procedure followed was: 
1. Remove form from cyllnder 
2. Cap cylinder i£ after 9 hours 
3. Pl.ace cylinder in testing machine 
4. Pl.ace Ames dials or Riehl.e Compressometer 
5. App4" smal.J. loads :for positive bearing, i.e., ten to 
thi.rty po1mds. 
6. Zero Ames dials or compressometer 
?. Record load versus deformation during 1oading 
8. Record ultimate load. 
INSTRUMENTATION - As previously mentioned, the deformation o.r the 3 
through 9 hour specimens was measured with two Ames dial.s. This was 
accomplished by setting the two Ames dia1s, with a 1east coWlt o£ .001 
inch, diametric~ opposite each other, to compensate £or variances in 
:1.7 
the specimen. This arrangement is shown in Figure .3. A gage 1ength of 
12 inches was used with the Ames dials test. The 12 hour through 28 day 
deformations were measured with a Riehle campressometer with a 1east 
count o£ .0005 inches and a gage length of 10 inches. This arrangement 
is shown in Figure 4. 
METHOD OF REDUCTION OF DATA - Due to t.he dimensions of a cylinder, it was 
treated as a short co1umn with a uniforlll4r distributed axial 1oad. Com-
pressive stress (S) therefore was equal to P/A where P was the load at 
any one time and A was the cross-sectional area. Unit deformation (e) 
was equal. to D/L where D was the total. deofmration and L was the gage 
1ength. As mentioned previously 1 L was 12 inches when using Ames dial.s 
and 10 inches £or the compressometer. From a plotted curve of average 
stress versus average strain the secant modulus was determined at 50% of 
the u1timate stress. or the various methods of computing moduli or elasti-
city the secant modu1us was selected as it was the most practical. and :it 
represents the actual deformation at the selected point. Additional curves 
were drawn from laboratory data or computed data from laboratory resul.ts. 
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Figure .3 Canpression Test Using DiametricaJ.:q Placed Ames Dia1s 
Figure 4 Canpression Test Using Canpressaneter 
EXPLANATION OF TABLES AND GRAPHS 
CO:t-IPRESSION SERIES 
TABLES Data obtained from laboratory tests were compiled in tabular 
form. In some instances 1 the data given were computed from actual. test 
va1ues euch as the tabl.e of compressive stress and strain measurements_ 
in which stress was the computed va1ue. The tabl.es for stress and strain 
measurenents for ages .3 hours through 2S days are on pages 21. through .31· 
Average strains at each age were used to plot curves- as it was fel.t the 
average wouJ.d be indicative of the resul.ts. In a few instances resul.ts 
that were too incompl.ete or too far from the characteristics of sj mj 1 ar 
cylinders were disregarded in obtaining the average strain. These in-
stances were noted in the tabl.es where they occurred. All. strain readings 
for the noted stresses were given for those who may be interested in the 
individual. resu1ts. Secant modul.us of elasticity at 50% ul.timate was 
used, therefore, on page .32 the va1ues of ul.timate stress- strain at 50% 
u1timate and secant modu1us of elasticity were tabul.ated for the various 
ages. 
GRAPHS As mentioned above the average strain was used in pl.otting 
stress versus strain curves 1 which are found on pages .3.3 through 4.3. Al.so 
shown on these curves are dashed lines denoting 50% ul.timate stress and 
the resul.ting strain. These curves are followed by curves of u1timate 
stress versus age. These curves are given for two ranges of age- Q-72 
hours to show characteristics at early ages, and Q-28 days to show the 
overall trend of resul.ts. A sj mj 1 ar procedure was used for the modulus 
of elasticity versus age curve. Average strains at 50% ul.timate versus 
age are given on page 48. It will be noted that the 7 to 28 day' portion 
of the graph was reduced in horizontal. sca1e in order to be incl.uded on 
:1.9 
the same graph. Al.so included in this group of graphs is a curve of percent 
water l.ost tor a pilot cylinder versus age, which is given to show the 
rate and extent of water l.ost. Discussion of these curves will be given 
later under "Discussion of Resul.ts•. 
Dashed line portions of the graphs are the author's opinion of what 
occurred during the testing of the specimens. 
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COMPRESSION SERIES 
STRESS AND STRAIN MEASUREMENTS 
6n x 12" CCifCRETE CYLINDERS 
AGE- 3 hrs. 
STRESS STRADl IN/IN x 1Q-5 
PSI 
A-1 A-2 A-3* AVG. 
0 0 0 0 
4 004 808 42 706 
5 890 1417 225 llS4 
7 1088 1708 458 l398 
9 1253 1975 558 1614 
u 1567 2242 775 1905 
*Not consi iered for aver• ge strains due to inconsistar t resu1ts 
ULTIMATE 
STRESS 11 12 11 11 
22 
COMPRESSION SERIES 
STRESS AND STRAIN MEASUREMENTS 
6n s 1211 CONCRETE CYLINDERS 
AGE - 5 hrs. 
STRESS STRAIN IN ./IN. x lQ-5 
PSI 
A-1* A-2 A-.3 AVG. 
0 0 0 0 
7 487 23.3 - 233 
11 646 .308 312 Jl.O 
14 750 358 367 :362 
11 833 408 417 4lJ 
21 892 458 467 463 
25 942 508 500 504 
28 991 558 546 5S2 
42 1146 817 725 7fl 
49 1221 108.3 1008 l046 
*Not con! idered for ave ~age strains d\l e to inconsist ant reau1ts 
ULTIMATE 
STRESS 92 49 49 6.3 
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COMPRESSION SERIES 
STRESS AND STRAIN MEASUREMENTS 
611 x 12" CONCRETE CYLINDERS 
AGE - 7 Hrs. 
STRAIN IN/IN x lo-5 
STRESS 
PSI A-1 A-2 A-3 AVG. 
0 0 0 0 0 
14 821 67 397 428 
21 958 92 489 513 
28 1058 125 552 578 
35 1146 158 6o2 635 
42 1196 200 649 682 
49 1233 233 690 719 
56 1300 2:75 729 768 
64 1338 292 768 799 
71 1379 350 805 845 
78 1425 392 840 886 
106 1625 517 990 1044 
127 1625 000 1158 1128 
148 1729 692 l.2ll 
169 1950 825 1338 
184 1993 958 1476 
ULTIMATE 
STRESS 187 190 138 172 
24 
COMPRESSION SERIES 
STRESS AND STRAIN MEASUREMENTS 
611 x 1211 CONCRETE CYLINDERS 
AGE - 9 Hrs. 
STRESS STRAIN IN/IN x 1Q-5 
PSI 
A-1 A-2 A-3 AVG. 
0 0 0 0 
56 697 572 433 567 
99 832 695 5lJ 680 
120 895 723 538 n9 
162 1000 821 604 808 
204 1090 885 663 879 
247 1160 938 771 956 
318 1283 1026 1154 
371 1371 1150 1261 
424 1458 1190 lJ24 
ULTIMATE 
S'IRESS 505 487 280 424 
25 
COMPRESSION SERIES 
STRESS AND STRAIN MEASUREMENTS 
611 x 1211 CONCRETE CYLINDERS 
AGE - 12 Hrs. 
STRESS STRAIN IN/IN x 1o-5 
PSI 
A-1 A-2 A-3 AVG. 
-
0 0 0 0 
56 0 2 69. 24 
71 0 2 n. 25 
141 0 5 so. 28 
212 0 8 83. .30 
282 .30 12 86 43 
353 .35 19 90 48 
424 40 26 93•' 53 
494 45 98 73 
565 50 108. 79 
ULTIMATE 
S'mESS 1066 557 731 785 
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COMPRESSION SERIES 
STRESS AND STRAIN MEASUREMENTS 
6n x 12" CONCRETE CYLINDERS 
AGE - 24 Hrs. 
STRESS STRAIN IN/IN x 1Q-5 
PSI 
A-1 A-2 A-3* AVG. 
0 ~ ~- 24 ~0 141 4 
212 5 5 51 5 
' 292 10 7 55 8 
353 15 10 56 13 
424 15 13 57 14 
494 20 16 59 18 
565 25 18 61 22 
635 30 21 62 26 
706 30 25 64 28 
777 35 29 66 32 
847 40 34 68 37 







*Not bonsidered for average strain ~ due to lack c r agreement 
with other t.vo serj as 
ULTIMATE 
STRESS 1786 1080 1359 1408 
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COMPRESSION SERIES 
STRESS AND STRAIN MEASUREMENTS 
611 x 12" CONCRETE CYLINDERS 
AGE - 48 Hrs. 
STRESS STRAIN IN/IN x lQ-5 
PSI 
A-1 A-2 A-3 AVG. 
0 0 0 0 
565 1 15 8 8 
706 10 21 11 14 
988 15 33 21 23 
ll30 23 41 32 32 
1271 30 51 51 44 
lA12 39 62 95 65 
1553 50 78 
ULTIMATE 
STRESS 1977 1666 1451 1698 
28 
COMPRESSION SERIES 
STRESS AND STRAIN MEASUREMENTS 
611 x-12" CONCRETE CYLINDERS 
AGE - 72 Hrs. 
STRAIN IN/IN x 1o-5 
S'IRESS 
PSI A-1 A-2 A-3* AVG. 
0 0 0 
529 16 11 14 
706 22 15 19 
882 28 20 24 
1059 34 25 29 
1235 42 31 37 
1412 52 39 46 
1588 65 52 59 
*Due to di ~ficulties witt compressomete f. no strain re~ ldings 
obtained. 
ULTIMATE 
STRESS 2245 1670 1958 
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COMPRESSION SERIE3 
STRESS AND STRAIN MEASUREMENTS 
611 x 12" CONCRETE CYLINDERS 
AGE- 7 Days 
STRESS STRAIN IN/IN x lo-5 
PSI 
A-1* A-2 A-3 AVG. 
0 0 0 0 
176 0 4 - 4 
.353 0 a - a 
529 0 lJ - 1J 
1059 0 29 30 29-
1235 4 33 34 34 
1412 8 40 42 41 
1588 l4 47 52 50 
1765 20 54 6.3 59 
1941 28 64 so 72 
2118 .39 74 
*Not consid ~red for Aver~ e strain. Diff lcil.lties with c ompressometer 
were encou ntered. 
ULTIMATE 
STRESS 2877 2294 2065 2412 
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COMPRESSION SERIES 
STRESS AND STRAIN MEASUREMENTS 
611 x 12" CONCRETE CYLINDERS 
AGE - 14 Days 
STRESS STRAIN IN/IN x lo-5 PSI 
A-1 A-2 A-3 AVG. 
0 0 0 0 
529 
-
lJ 5 9 
706 
-
19 10 15 
882 
-
24 16 20 
1059 15 28 22 22 
1235 29 33 26 30 
1412 40 38 34 37 
lSSS 51 44 49 48 
1765 61 49 68 59 
1941 72 54 - 63 
2118 85 64 - 75 
2294 104 74 - 89 
2471 185 85 - 135 
2647 -- 104 - 104 
ULTIMATE 
STRESS 2672 2700 1836 2403 
3:l 
COMPRESSION SERIES 
STRESS AND STRAIN MEASUREMENTS 
611 x 1211 CONCRETE CYLINDERS 
AGE- 28 D~s 
STRESS STRAIN IN/IN x 1o-5 
PSI 
A-1 A-2 A-3 AVG. 
0 0 0 0 
176 3 1 3 2 
353 
-
5 9 7 
529 16 12 14 14 
706 
-
25 23 24 
882 19 31 34 28 
1059 
--
40 47 44 
12.35 30 48 63 47 
1412 
-
55 eo 6S 
1588 40 64 125 76 
1764 - 74 128 101 
1941 54 84 151 96 
2118 62 95 -- 79 
ULTIMATE 
STRESS 2930 2330 1977 2412 
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TABULATION OF 
STRESS, STRAIN, AND MODULUS OF ELASTICITY DATA 
COMPRESSION SERIES 
AGC 
OF IDDULUS OF ULTIMATE STRATit l\.T 
SPECIMEN ELASTICITY STRESS 5"" AVERAGE ( SECANT ) (AYERAGE) ULTI~.ATE 
STRESS 
PSI PSI (IH/IH X 1')-5) 
3 Hrs. 451 ll 1220 
5 Hrs. 5357 63 S88 
7 Hrs.CJ 9247 172 93'> 
9 Hrs. 22,919 424 925 
12 Hrs. 786.000 785 50 
24 Hrs. 2,4Z/,-585 uoo 29 
48 Hrs. 4,994,117 1698 17 
72 Hrs. 3,700,000 1958 27 
7 Days 3,654.545 2412 33 
14 Days 4,114,827 2403 29 
28 Days 2,275.471 2412 53 
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INDIRECT TENSILE TEST 
Although several different types of tensile tests for concrete have 
been deve1oped, none of these tests have been completely satisfactor,y. 
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The reason for this being that the shape and methods of testing the speci-
mens have deve1oped eccentricities and emphasized the effects of stress 
concentrations in the concrete. The Modulus of Rupture test that is quite 
standard at the present in most highway departments does not give a true 
tensile stress. A relatively new type of tensile test was developed and 
:lntroduc ed by Fernando Carneiro ( 7) of Brazil in 194 7, in which a com-
(7) Carneiro, F. Une nouvelle methode d'essai pour determiner la 
resistance a'la traction du beton. Paris, Reunion des Laboratories 
d'Essai de Materiaux. June 1947. 
pressive load is applied to a cylinder along two opposite generators. 
It was decided to include this test in this series, and compare results 
with the Modulus of Rupture Test. 
The tests were carried out on the Riehle Universal Screw Driven 
Testing Machine and the Riehle Hydraulic Compression Testing Machine with 
ranges as previously stated in the compression test. Bars o! aluminum, 
with a plYwood pad, were used between the platens o! the machine and the 
specimen as shown in Figure 7. Tests were made on specimens ranging 
from 3 hours to 28 days. The manner of pouring, forming and curing the 
specimens was the same as for the compression cylinders. The case of 
handling and testing specimens gives this test relative merit in re-
lationship to other types of tensile tests. 
DESCRIPTION OF TEST PROCEDURE 
The schedule of testing was the same as for the compressive series, 
that is, 3, 5, 7, 9, 12, 24, 48 and 72 hours, 7, 14 and 28 days. The 
procedure was the same for a11 ages and as follows: 
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1. Remove form from cylinder 
2. Place cylinder on platens of testing machine 
3. Align the aluminum and plywood stripe, one each on top and bottom 
4. Apply load to specimen 
5. Record ultimate load 
INSTRUNENTATION - No instruments were required for this test as only the 
ultimate load was needed in the analysis. 
REDUCTION OF DATA - The ultimate indirect tensile stress was calculated 
from a mathematical analysis of the stress in a specimen based on 
theoretical analysis by M. M. Frocht(8). His analysis shows that a 
(8) Frocht, M. M. Photoelasticity, Vol. 2, New York, John Wiley and 
Sons, Inc., London, Chapman and Hall Ltd. 1948. pp. 121-129. 
compressive load applied perpendicularly to the axis of a cylinder and in 
a diametral plane gives rise to a uniform tensile stress over that plane. 
The result of the theoretical analysis gives a tensile stress ~ ~ P 
tr DL 
where P is the ultimate load, D is the diameter and L is the length of 
the cylinder. This is an exact solution for the ideal case, but the test 
as it is run deviates in several respects. These deviations were covered 
in an article by P. J. F. Wright(9) in the July, 1955 issue of Magazine 
(9) Wright, P. J. F., Comments on an Indirect Tensile Test on Concrete 
Cylinders, Magazine of Concrete Research, 1955. Vol. 7, No. 20, July, 
PP• 87-96. 
of Concrete Research. His comments on the deviations were as follows: 
(1) Heterogeneous nature of concrete. 
The mathematical analysis of stress assumes a homogeneous 
material, whereas concrete is not homogeneous. This applies 
to all tests on concrete, and the effect on the general distri-
bution of stress cannot be determined, although it is probably 
smal1. 
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(2) Deviation from Hooke's Law. 
The theory assumes that the ma.ter1a1 obeys Hooke's law that 
strain is proportioned to stress. This does not hold in the 
case of concrete, the apparent value of Young's Modulus de-
creasing as the stress increases. A stress-strain curve of this 
form tends to relieve the more highly stressed parts of a speci-
men and throw the stress on to those where the stress is lower. 
Th:is factor would tend to increase the load required to break 
the specimen and thus give a high value. 
(3) Deviation from conditions of plane stress. 
The theory assumes a state of plane stress and in the 
practical case this is not obtained. The conditions in a thin 
disc approximate plane stress while those in a long cylinder 
approximate more closely to plane strain. The theory has not 
been developed for conditions of plane strain. 
(4) Distribution of applied load. 
Whereas the theory assumes a point l.oad on a thin plate, 
which corresponds to a line loading along a generator of the 
cylinder, the load is actual.ly distributed over a band of 
appreciabl-e width. I£ the w.i.dth o:r the loading strip is (a), 
ani the load is assumed to be uni£ormly distributed over this 
width, it can be shown that i£ (a) is less than !L the tensile 
10 
stress on the vertical diameter approximates 
S = &._ r.._ [1 - !L ( oC. - sin oC. ) J with sufficient 
1T tD 2a 
accuracy, where «:¥ is the angle subtended by the loaded area 
at the point considered, and t is the l.ength of the cylinder. 
(See Figure 5). 
This fonn.ula was used in the reduction o£ the data. 
The effect of this distribution of load is shown in Figure 6 which 
was ca1cula.ted for a =- 1 • It can be seen that the tensile stress re-
D 12 
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mains relatively unchanged over about three-quarters o£ the vertical plane~ 
but reverses to a comparati vel.y high compressive stress at the top and 
bottom. This woul.d indicate the possible failure might be in l.ocal com-
pression, however~ th:is was not .found to be true in actual tests. The 
conditions of stresses imposed are more comparable with a triax:i.al. test 
than a compressive test~ and a compressive stress could be developed much 
higher than the failure stress or the specimen. Therefore, ;tai1ure in 
tension occurs before failure in compression. 
PLATEN OF TESTING ~if!CHINE 
TEST CYLINDEB ON EDGE 
a 
PLATEN OF TESTING MACHINE 
FIGURE 5 -LOADING ARRANGE!-tENT FOR INDIRECT TENSILE 












6 8 10 12 16 lS 20 
FIGURE 6 -HORIZONTAL STRESS DISTRIBUTION IN CYLIND~R 
LOADED OVER A WIDTH a/D= 1/12 
(STRESS = =2P/BL X C ) 
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-Figure 7 Specimen In Place for Indirect Tension Test 
EXPLANATION OF TABLES AND GRAPHS 
INDIRECT TENSION SERIES 
TABLES Data obtained from laboratory tests are presented in the 
tab~e on page 57. Al.so included in this table is the average ultimate 
load, and the average ultimate stress as computed. 
GRAPHS Curves of indirect tensile stress versus age are presented 
in the modulus of rupture series of curves. This was done in order that 
comparison of results of the two methods cou1d. be made. 
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INDIRECT TENSILE TF..ST DATA 
AGE ULTIMATE LOAD ( POUNDS ) 
C:vc1e AVERAGE OF 
ULTIMATE 
SPECIMEN B-1 B-2 B-3 AVERAGE STRESS 
-
3 Hrs. 300 290 350 313 2.8 
5 Hrs. 1330 1C770 1330 1263 11.1 
7 Hrs. 29'70 3900 4190 .3687 32.4 
9 Hrs. 9601 8480 7910 8663 76.2 
12 Hrs. 10.3()') 1455'l 155S0 13477 us.6 
24 Hrs, 16900 21180 24500 20060 18.3.6 
36 Hrs. 28500 25201 2~901 26SJO 233.2 
1..8 Hrs. 28400 26500 28900 2793.3 245.8 
72 Hrs. 2171 ') 25000 29490 25400 223.5 
7 De,ys 33000 4CJ700 43CYY> 389'>0 342.4 
14 Days 40000 28000 40000 36000 .316.8 
28 Days .32201 46500 27501 35400 .311.6 
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MODUWS OF RUPTURE TEST 
Mod.u1us of rupture tests were made on beams 6tt x an x 32"• s~ 
supported with supports Z7 inches apart, and 1oaded at the third points of 
this Z7" as shown in Figure a. Several. attempts were made to test beams 
earlier than 6 hours, but all failed before placement on the testing 
machine. Since it was expected that physica1 changes in the concrete 
wou1d be more rapid at 100°F the schedule of testing was arranged to pro-
vide more tests at these earlier ages. The schedu1e of tests ranged from 
6 hours to 28 days. The test machine used was a Tinius Ol.sen Beam Testing 
Machine with a 1.0,000 pound capacity. This machine was purchased and cali-
brated in the Spring of 1956 and was considered to be in the tol.erance 
range. 
DESCRIPTION OF TEST PROCEDURE - The schedul.e of testing as arranged and 
used was, 6, a, 10, 12, 24, 48 and 72 hours. 7, l4 and 28 day's. The 
testing procedure was the same for al1 specimens and as follows: 
1. Remove form from specimen 
2. Place specimen on supports 
.3. Al.ign testing head and pl.ace in position 
4. Pl.ace Huggenberger Tensom.eters 
5. Zero test machine and Huggenberger Tensometers 
6. Take readings of l.oad versus strain up to approximately 
50% to 75% of the expected ul.tima.te l.oad 
7. Remove Huggenberger Tensometers at this l.oad 
8. Continue l.oading to f'ail.ure 
9. Record ul.timate l.oad and position of fail.ure • 
INSTRtJMENTATION - Longitudinal strain was measured with Huggenberger 
Tensometers placed within the middl.e third of the beam at one inch from 
the top and one inch f'rom the bottom of the beam. The gage J.ength used 
£or the Tensometers was 7 inches throughout the series. The Tensometer 
sca1e reading divi.ded by a constant factor of' 1240, f'or these gages, times 
the gage length gave the strain in inches per inch, i.e., scal.e reading 
divided by 1240 x 7 equalled strain. The arrangement of' Tensometers, 
testing head and supports is shown in Figure 10. 
REDUCTION OF DATA - As mentioned previously, the beam was loaded at the 
third points. This arrangement of' loading put a considerable length of' 
the specimen under a constant bending moment with horizontal and vertical. 
shear equal to zero between the loading points. Failure was observed, 
each time, to occur in the middle third of' the span f'rom the bottom up, 
thus eliminating any shear failures. The le:rt support of' the testing 
machine actuated the dial and gave readings of' twice the load on the 
support, i.e., equa11ed the total l.oad being applied. The bending moment 
on the beam was therefore PL, due to this test arrangement. The weight of' 6-
the beam was not considered in the computation of' the bending moment. If' 
the weight were considered it would increase the bending moment at the 
third points and thus increase the stress. The percentage of' increase in 
stress would have been greatest at the earlier ages and decreased with 
time, w.ith approxi.matezy- 30% more at 6 hours but dropping immediately to 
10% more at a hours and decreasing to 1.1% more at 28 ~s. 
Figure 10 shows a beam in place ready f'or testing.. Figure 9 is a 
time interval. photo taken of' a 72 hour beam during a test. This is pre-
sented as a graphic example of' the movement taking place during a test. 
The flexure strengths of' the beams were computed using the Modulus 
of' Rupture which is common practice in most highway departments. The for-
mula f'or the Modulus of' Rupture or tensile stress is S = Me where S = 
I 
stress, M = bending moment and £ the reciprocal of the section modulus. 
I 
This f'or.mula is based on severa1 assumptions which are as follows: 
59 
1. A plane cross-section of an unbent beam remains a plane 
after the beam is bent. 
2. The modulus of elasticity is the same in compression and 
tension. 
3. The material of the beam obeys Hooke's Law within the pro-
portional limit. 
4. The cross-section of the beam is constant and the beam is 
straight before loading. 
Concrete being a non-homogeneous material does not follow Hooke's Law, 
i.e., strain is proportional to stress, and therefore the stress at the 
outer fibers of a beam is somewhat less than the modulus of rupture. It 
can be seen from the curves of load versus strain that the modulus of 
elasticity in compression and tension would not be exactly equal for any 
particular age, although it can be noted that the respective moduli do 
approach closely to equality and at 28 days would be equal up to 49% of 
the ultimate stress. Although modulus of rupture would not be a true 
tensile or compression stress at failure due to bending, it would appear 
to be close enough to compare with the compression series. 
During the testing of a specimen the Tensometers were removed at 50% 
to 75% of the expected ultimate, in order to prevent damage to the instru-
ments. In the plotted curves of load versus strain, at 1" from top and 1" 
from bottom, the actual strain readings were plotted as solid lines and the 
dash lines are extensions of these curves up to ultimate stress and the 
strains at ultimate stress were taken from these extensions. In Figure 11 
is plotted the strain diagrams for three beams at each age, at 50% of the 
ultimate stress. 50% was used to allow the strains to be actual readings 
of the Tensometers. These diagrams were drawn assuming the deformations 
would follow a straight line variation from compression to tension. From 
the diagram, it is shown that the linear variation does not pass through 
the neutral axis of the beam, although it is close at most ages. Due to 
the uncertainties of the actua1 variation o:f the strain at any part o£ 
the beam other than ].tt £rom top and 1" .from bottom, no attempt was made 
to calculate modu1us o.r elasticity £or the beam. The strain readings were 
pl.otted to show the magnitude of strain near the outer £ibers o.r the beam. 
~---------------------------32"----------------~ 
._,_ ___ 9" 
Testin Machine Table 
TESTD'G HEAD 






Support (A)- Fixed longitudinally; 
free to move transversely 
Support (B)- Fixed transwrsely; 
tree to move longitudinally 






Figure 9 Time Increment Photo of Beam During Actua1 Testing 





















































































































































































































































































































































































































































EXPLANATION OF TABLES AND GRAPHS 
MODULUS OF RUPTURE SERIES 
TABLES Data obtained from laborator,y tests are presented in tables 
on pages 66 through 75. A11 strain readings for the noted loads are 
given for those 'Who may be interested in the individual results, however, 
average strains were used in plotting curves and these computed values 
are tabulated. As previously mentioned in explanation of compression 
tables, resul.ts which were felt to be .entirel? out of 1ine were disre-
garded in computing averages. The table on page 76 gives results for 
ages 6 hours through 28 days of measured and computed val.ues of ultimate 
load, strains at failure (from graphs) and modulus of rupture. 
GRAPHS As mentioned previously in the discussion of this series 
load versus strain curves were p1otted as solid lines for actual strain 
readings, and these curves extended as dashed lines up to ultimate load. 
These curves are presented on pages 77 through 86. Curves of ultimate 
. . 
stress in tension obtained by the modulus of rupture formula are compared 
to curves of ultimate stress in tension obtained from the indirect tension 
series, on pages 87 and 88. Curves of strain at ultimate load versus 
age are on pages 89 and 90. The curves for ages 0-72 hours were plotted 
to show more clear]¥ the characteristics at ear]¥ ages. 
S5 
66 
LOAD VS. STRAIN 
MODULUS OF· RUPTURE SERIES 
AGE - 6 Hrs. 
LOAD STRAIN IN./IN.~(1240 x 7) 
POUNDS LOCATION CYCLE 
INSTRUMENT 
C-1 C-2 C-.3 AVG. 
0 0 0 0 
100 .12 .05 .os 
150 .26 .11 .19 
200 .42 .20 .,31 
250 
p.. 





~ 0 ft..t 
~ ~ 




0 ll 0 0 0 J.t 
100 ., .04 .04 .04 
J.t 
·o 
.12 .12 .12 150 ~ ., 
.a 
200 G) .18 .20 .19 ~ 
~ 









ULTIMATE 280 250 265 POUNDS --
67 
LOAD VS. STRAIN 
l-10DULUS OF RUPI'URE SERIES 
AGE - 8 Hrs. 
LOAD STRAIN IN./IN.7(1240 x 7) 
POUNDS LOCATION CYCLE 
INSTRUMENT C-1 c-2 C-J AVG. 
0 0 0 0 0 
100 .07 .02 .09 .06 
200 .15 .o6 .ll .11 
300 .25 .11 .14 .17 
p.. 







0 0 0 0 0 
100 .oo .01 .02 .01 
200 .05 .05 .04 .05 
300 ~ .25 .09 .07 .os E-4 






ULTIMATE 420 650 1180 750 POUNDS 
GS 
LOAD VS. STRAIN 
MODULUS OF RUPI'URE SERIES 
AGE - 10 Hrs. 
LOAD 
STRAIN IN. /IN.~ 1240 x 7) 
POUNDS 
LOCATION CYCLF. 
INSTRUMENT C-1 C-2 C-3 AVG. 
0 0 0 0 0 
100 .oo .oo .03 .01 
200 .oo .oo .05 .02 . 
300 .05 .02 .08 .05 
@:> 
400 E-4 .05 .04 .11 .rrt 
500 ~ .15 .o6 .14 .12 &: 
6oo ~ .18 .09 .17 .15 
Q 
-~ ' 
0 ·o 0 0 0 
100 .05 .oo .03 .03 
200 .10 .oo .06 .05 
300 .10 .02 .09 .07 
400 ~ .15 .04 .14 .11 ~ 
500 ~ .05 .18 .12 ~ 




ULTIMATE 650 POUNDS 1840 830 1107 
69 
LOAD VS. STRAIN' 
MODULUS OF RUPI'URE SERr~s 
AGE - 12 Hrs. 




C-1* C-2 0-3 AVG. 
0 .oo • oo .oo . .oo 
100 .01 .oo .oo .oo 
20') • 0/.j. .01 • 00 ..01 
300 .06 .02 .02 .02 
400 .09 .03 .03 ..03 
500 .OJ .04 .05 .04 
600 p.. .14 .05 .% .06 
700 0 .1S .08 .rn .07 E-4 




0 .oo .oo .10 .oo 
100 .oo .oo • 0'1 .oo 
200 .oo .oo • ')Q .oo 
300 • ()Q .oo .02 .oo 
400 .oo • ()1 • 03 • f)1 
500 .r:n .02 .04 .02 
600 ~ • 0') • ()J • ~5 • 03 0 
700 E-4 .en • 05 .06 .06 
80? 53 .as • 05 .08 .rii 




*Not considered for average !strains due ~o lack of a ~reement 
with other two s aries. 
ULTIMATE 220 2940 1390 2176 
POffi~OO · 
70 
LOAD VS. STRAIN 
MODULUS OF RUPI'URE SERIES 
AGE - 24 Hrs. 
LOAD 
STRAIN IN ./IN.-« 1240 x 7) 
POUNDS LOCATION CYCLE 
INSTRUMENT 
C-1 C-2 C-3 AVG. 
0 .oo .oo .oo .oo 
-
200 .04 .05 .07 .06 
400 .05 .os .12 .oa 
600 .07 .12 .16 .ll 
800 .10 .15 .20 .15 
1000 .12 .19 .23 .16 
1200 .14 .20 .17 
1100 0.. .16 .22 .19 0 
1600 E-4 .19 .25 .22 
1800 ~ .20 .29 .25 0 
2000 &: .24 .31 .28 
2200 ~ .25 .34 
.30 
2400 .26 .36 .31 
2600 Q .29 .40 .35 
2800 - .41 ~ -
3000 - .44 
0 .oo .oo .oo .oo 
200 .01 .03 .02 .02 
400 .02 .05 .04 .04 
600 .02 .07 .06 .05 
800 .04 .10 .09 .os 
1000 .05 .12 .ll .09 
1200 ~ .07 .15 - .ll 
1400 ~ .08 .16 -- .12 1600 Cil .12 .19 .16 
1800 ~ .14 .20 .17 
2000 0 .15 .23 .19 
2200 &:: .18 .25 .22 
2400 0.. .20 .28 .24 :::::> 
2600 .. .20 .30 .25 
2800 r-t -- .32 
3000 --- .34 
ULTIMATE 5080 3260 4347 POUNDS 4700 
LOAD VS. STRAIN 
MODUWS OF RUPTURE SERIES 
AGE - 48 Hrs. 
LOAD STRAIN IN./IN.-;-(1240 x 7) 
POUNDS LOCATION CYCLE 
INSTRUMENT C-1 C-2 C-3* AVG. 




600 .05 .05 .16 .05 
1000 .09 .os .20 .09 
1400 .12 .12 .12 
1800 .16 .17 .17 
2200 .20 .19 .20 
2600 .23 .21 .22 
3000 @3 .28 .25 .27 
3400 E-t .32 




0 .oo .oo .oo .oo 
200 .01 - .04 .01 
600 .01 .04 .10 .OJ 
1000 .03 .o6 .20 .05 
1400 ~ .05 
.09 .07 
1800 .os .12 .10 
2200 ~ .ll .16 .1.4 2600 .1.4 .19 .17 
3000 ~ .16 .22 .19 
3400 &: .20 3800 A. .23 
~ ... 
::. 
*Due to technica ._ di.t.ticu1tij •s in the in! trwnentatiot o.t this 
beam the strains were diare~ .. rded for avE rage strain. 
' 
ULTIMA'P~ 
POUNDS 5475 5980 3550 5001 
LOAD VS. STRAIN 
K>DULUS OF RUP.rURE SERIES 
AGE - 72 Hrs. 
LOAD 




C-1 C-2 C-3 * AVG. 
0 .oo .oo .oo .oo 
500 .~ .os • .'l6 .. co 
1')00 .05 .10 .15 ~03 
1500 .oo .15 .24 c.-08 
2000 .u .20 .32 .12 
250'J .16 .24 .40 .17 
.30JO .20 .30 .48 .20 
.3500 ~ .25 .35 .25 4000 .... .29 • .39 




0 .oo .oo .oo .oo 
500 .02 .OS .u .03 
1000 .r:n .10 .22 .09 
1500 .12 .15 • .30 .l) 
2000 .15. .20 • .3S .18 
2500 ~ .20 .25 .J.B .2) 
.3000 .25 .30 .54 .Z7 
J500 ~ .30 • .35 




*Not c onsidered rc ~r average at rains due to lack or 8gl eement 
with ( ther two ae, -ies. 
pBf!fFE ' 6135 500') 42:70 5135 
73 
LOAD VS. STRAIN 
MODUWS OF RUPTURE SERIES 
AGE- 7 Days 
LOAD 
STRAIN IN .{_'IN. 
{1240 X 7) 
, 
POUNDS LOCATION CYCLE 
INSTRUMENT C-1 C-2 C-) AVG. 
0 o.oo o.oo o.oo o.oo 
500 .02 .01 .06 .03 
1000 .04 .05 .14 .08 
1500 .o8 
·09 .20 .12 
2000 .12 .ll .28 .17 
2500 .1~ .15 .)5 .22 
)000 @; .19 .19 .42 .27 3500 E-t .23 .22 .50 .)2 
4000 ~ .26 .26 -4500 .31 .)0 





o.o o.oo o.oo o.oo o.oo 
500 .08 .02 .05 .05 
1000 .14 .05 .10 .10 
1500 .21 .09 .18 .16 
2000 .26 .12 .25 .21 
2500 ~ .32 .16 .32 .27 
3000 ~ .38 .21 .40 .33 3500 ~ .44 .25 .45 .38 
4000 ~ .50 .30 4500 .53 .)5 




POUNDS 5000 7350 5100 5817 
-LOAD VS. STRAIN 
MODUWS OF RUPTURE SERIES 
AGE- 14 Dq 
LOAD 
STRAIN IN ·fiR. 
l1240 X 7 
POONDS LOCATION CYCLE 
INSTRUMENT C-1 C-2 C-3 AVG. 
0 o.oo o.oo o.oo o.oo 
500 0.04 o.oo .04 
1000 .08 .04 ~06 
1500 .12 .06 .09 
2000 .15 .10 .08 .ll 
2500 .19 .15 .15 .16 
3000 @) .24 .18 .20 .19 3500 E-t .29 
·24 .25 .26 
4000 e .31 .27 .32 .30 4500 g: .35 .34 .38 .38 







0 o.oo o.oo o.oo o.oo 
500 .0) .oo .03 
1000 .06 .02 .04 
1500 .10 .05 .07 
2000 .]J .oa .o6 ·09 
2500 ~ .16 .12 .14 .13 
3000 1:: .21 .15 .20 .15 
3500 @ .25 .20 .25 .23 
4000 ~ • 30 .24 . ·34 .29 4500 g: .35 .26 .40 • .34 




ULTIMATE 6500 571./J 6120 6127 POUNDS 
175 
LOAD VS • STRAIN 
MODULUS OF RUPTURE SERIES 
AGE- 28 Da;r 
LOAD 
STRAIN IN./IN • ..;-(1240 x 7) 
POUNDS LOCATION CYCLE 
INSTRUMENT 
C-1 C-2 c-3* AVG. 
0 o.oo o.oo o.oo o.oo 
500 0.05 .o) .04 
1000 .08 .06 .07 
1500 .ll .10 .11 
2000 .15 .15 .15 
2500 @J .20 .18 .19 
.3000 E-t .24 .22 .2.3 
.3500 ~ .28 .25 ·'Z'l 4000 .)2 ·'29 .)1 4500 .)5 .)2 .)4 
5000 ~ .40 .)5 .)B 5500 Q .40 .40 
1: ,... 
0 o.oo o.oo o.oo o.oo 
500 .05 .o) .04 
1000 .oa .06 ·07 
1500 .ll .10 .ll 
2000 ~ .15 .15 .15 
2500 ~ .20 .18 .19 
.3000 ~ .25 .22 .2) 
.3500 ~ .29 .25 .27 4000 e: .)4 .29 .)2 4500 .)B .)5 .)6 
5000 p.. .40 .40 .40 :;::, 
5500 - .45 .45 ~ 
*Due to technica1 d: tticulties :5 n the teat o ~ this beam land the 
disagreE ~ent ot rea, ~ta the atra li.ns were con •idered to t 1e in error. 
ULTIMATE 8220 7420 5670 710.3 POUNDS 
~·s 
Mb!ASURED ANI' OOMPOTED DATA 
l«lDULUS OF RUPl'URE SERnS 
ST~S AT FAILor l-fODULUS 
AGE ULTIMATE From Graphs OF RUPI'URE 
OF LOAD IR/IH •(1240 X 7 ) STRESS AT 
SPECIMEN POUNDS eo et FAILURE 
(AVERAGE) (Compression) (Tension) (TeneUe) 
6 Hrs. 265 .44 • .34 18.63 
a Hrs. 750 .42 ' .22 52.73 
10 Hrs. ll07 .31 .25 77.83 
12 Hrs. 2176 .45 .25 153.00 
24 Hrs. 4347 .55 .43 .305.65 
48 Hrs 5001 .A4 .34 351.63 
72 Hrs. 5135 .43 .47 36l.OS 
7 Days 5S17 .55 .64 4rR.Ol 
14 Days 6127 .58 .53 4.3'l.80 
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DISCUSSION OF RESULTS 
It is fe1t by the author that the procedure of testing and instru-
mentation used gave reliable and consistant results. A11 testing and 
making of specimens was carried out by the same group to impart; as much 
consistency to this investigation as possible. It is to be noted that all. 
~ 
measurements of strain were made by mechanical.J3 operated instruments with 
only an occasional set of unreasonable readings. 
COMPRESSIC!l - Results of this investigation will be noted here and com-
parison with 40° and 70°F series will be taken up later. From the com-
piled data it is evident that the compressive strength rises rapi~ the 
first 24 hours, wi.th a decrease in this rate from 24 hours to 7 days, 
and a leveling off to no increase in strength from 7 d~s to 28 days. The 
compression strength of the concrete reached 57% of the 7 day strength by 
24 hours. These results compare favorably to tests run on concrete cured 
at 1QOOF with steam, reported by Shide~er and Chamberlin(6) in 1949, 
( 6) Shideler, J. J. and Chamberlin, W. H., op. cit. 
which had 49% of the 7 day strength. The flat portion of the curve be-
tween 7 and 28 days cannot be compared with their results as they ceased 
testing at 7 days. The stress-strain curves of ages from 3 hours up to 
24 hours show a reversed curve from zero stress to approxi..mately 25% of 
the u1timate stress and then follows the more conventional type of 
stress-strain curve. However, at 24 hours and o1der ages, the stress-
strain curves follow the conventional curve from zero stress to ul.timate • 
At the age of 48 hours the modulus of elasticity increases rapi~ to 
its highest value of 4,994,117 psi then decreases to 3,654,545 psi at 
7 days and down to 2,Z75,471 psi at 28 days. The curve of strain at 50% 
ul.timate stress indicates the resistance to strain to be greatest at 
3 to 12 hours and dropping to the lowest value of strain at 48 hours. It 
is interesting to note that the modulus of elasticity is greatest at 48 
hours~ the stress is increasing and the strain is at its lowest value or 
.00017 in/in which is 32% of the 28 day value. This would indicate a 
critical time in the age of the cylinder, when the resistance to strain 
before failure is at its lowest point and the modulus of elasticity at its 
highest value. 
INDIRECT TmSION - Values of indirect tension are approximately equal to 
modulus of rupture up to 12 hours, however, !'rom this age on, the indirect 
tension values are lower, with a critical drop in strength at 72 hours, 
and the greatest strength at 7 days. The value of indirect tension at 7 
days is 84% of the modulus of rupture, however, the 28 day value is onl.y 
63% of the modulus of rupture with an average of 39% difference in the two 
strengths. There is a similarity of leveling off of the strength curve 
after 7 days between compression and indirect tension, which would indi-
cate the two types of strengths are relative to each other. 
EXcept tor the drop at 72 hours the indirect tension takes the same 
general trend as the modulus of rupture up to 7 days. However, £rom 7 
days to 28 days this trend seems to reverse with modulus of rupture gaining 
strength and indirect tension losing strength. 
MODULUS OF RUPTURE - The curves of load versus strain show that after the 
first 25% of the ultimate load is applied the compression becomes linear, 
the same as tension, and approximat~ the same slope or trend of increase 
as tension. This trend becomes more pronounced with age until at 28 days 
the load-strain curves are equa1 up to 50% of the ul.timate load. It is 
also to be noted that strain readings at 1" from the top of the beam, or 
compression side, show less reSistance to strain than the tension side up 
to 48 hours. Past 48 hours this trend reverses up to 14 days and then at 
28 days are equa1, however .from 48 hours to 28 days the curves approximate 
each other so cl.ose that no particul.ar significance can be attached to 
this trend. As mentioned previously the diagrams o.r strains in the beams, 
Figure (ll) show that a straight line variation o.r strain does not always 
pass through the centroid o.r the beam, it is interesting to note however 
that by 7 days the neutral. axis of two beams were at the centroid, and the 
l4 day and 2S day diagrams show the neutral. axis at the centroid. 
The rate o.r increase in Modu1us of Rupture strength is greatest up 
to 24 hours where approximately 61% o:r the 28 day strength is reached. 
The rate decreases considerably from 24 hours to 7 days and at 7 days the 
ultimate stress is about 82% of the 28 day strength. It is to be noted 
the Modu1us of Rupture ultimate stress continues to increase up to 28 
days, whil.e the indirect tension stress decreases .from 7 days to 28 ~s. 
The curves of strain at ul.timate stress show two critical. points in the 
age of the beam at which the resistance to strain drops, one point at 10 
hours in which the strain reaches the l.owest value and again at 48 hours, 
where the resistance to strain drops again but not to as low o:f val.ue as 
at l.O hours. These curves again show the close relationship between the 
compression strain and tension strain after 7 days. From the results, 
the critical age of beams therefore woul.d be from 0 to 72 hours, parti-
cularly so at 8 to l.O hours. whereJthe strain is .000025 in/in at 1 11 
from the bottom an::l .000035 in/in at l.' :from the top. 
93 
C<l-1P ARISON BEI'WEEN 40°1 70° and lOOOF RESULTS 
The results obtained by this investigation were compared to results 
obtained by Mr. P. G. Hansen(lO) at 700F and Mr. c. E. Weddle(ll) at 40oF 
(10) Hansen, P. G. Physical. Properties of Concrete at Ear~ Ages 
Thesis, Missouri School. of Mines and Metallurgy, Rolla, Missouri, 
1
1956. 
{11) Weddle, C. E. Physical. Properties of Concrete at Early Ages, 
Thesis. Missouri School of Mines and Metallurgy, Rolla, Missouri. 1957. 
in a series of investigations which paral.leled this investigation except 
for curing temperatures. 
COMPRESSION - Compression specimens oured at l00°F show the greatest in-
crease in ultimate stress up to approximately 6 days, where the 70oF 
specimens ul.timate stress begins to increase greater than the l.00°F un-
til at 28 days the 100° stress is 75% of the 70° stress and 88% of the 
40° stress. Although it takes up to 14 days for the 40° specimens to 
reach the stress val.ue of the 100° specimens, the 40° specimens strength 
at 2B days is greater than 100° by the percentage previously given. This 
corresponds to the findings of W. H. Price(l2), that specimens made and 
(12) Price, W. H. 1 Factor's Infl.uencing Concrete Strength, American 
Concrete Institute Proceedings, Vol.. 47 PP• 417-432, 1951. 
cured at hi gil er temperatures had lower strengths at later ages than those 
made and cured at lower temperatures. The modulus of elasticity at 400 
and 70° fol.low the same trend although at different values, whi1e the 
1000 modul.us takes a reverse trend after 48 hours and decreases to 54 1/~ 
below 700 and 66% below the 40° modul.us at 28 days. In contrast to this, 
the values of strain at 50% ul.timate stress, for the 70° and 100° speci-
mens take the same general trend, being almost equal from 72 hours on to 
28 days, with 400 becoming almost equal at 7 days. This contrast will be 
discussed at more length in the conclusions. These resul.ts indicate that 
94 . 
a1though the lower temperatures do retard the hardening o:f the concrete 
there is no apparent adverse effects on later age characteristics. On 
the other hand the 100° curing gave a rapid increase in strength but the 
later age characteristics were o:f adverse nature which cou1d be very harm-
ful to my type structure with this type of initia1 curing. 
INDIRECT TENSION - The 100° cured specimens increased in ul.timate tensile 
stress more rapi~ than the 70° and 40° specimens~ except :for the unusual. 
drop and regain at 72 hours :for the 1.00°. By the age or 7 days the l.ocf 
specimens were 22.zt, higher than 70° and 54 l./2% higher than the 40° 
specimens~ but by the end o:f the 28 day period the l.00° series had dropped 
down to be almost equal to the 400 series which was 7 •4% l.ower than the 
70° series. The 40° and 70° series :followed the same general trend 
throughout this type of test~ but again the J.QOO series increased much 
:faster up to 7 days and then decreased in strength :from 7 days to 28 days 
which is in contrast to the other two series. Attention is ca.l.1ed to the 
sjmjlarity o:f the characteristics o:f the indirect tensi1e stress curves 
to the compressive stress curves :for the 70° and 400 series~ while the 
1.000 curves :for these two types stresses have a simjlarity o:f their own. 
This would point to the 100°cyl.inders reacting diajrirllar to the 40° and 
700 cylinders due to curing conditions rather than type o:f testing used. 
MODULUS OF RUPI'URE - At 24 hours the 1.00° series was 1.9% higher than the 
70° aerie•. and 96% higher than the 40° series~ but by 7 days the 100° 
was 1.9 .3% l.ower than 70° and o~ 5.4% above the 4D0 series. At the age 
o:r 14 days both the 700 and 40° series values were above the 1.00° values 
and by 2S days the 70° series was 1.8.2% higher and the 40° series and 
15.6% higher than the 100° series. In this particular test the 1.00° 
series :followed the same general trend as the 40° and 70° series a1though 
95 
never reaching as great an ultimate stress in latter ages which is again 
similar to the other types of tests, compression and indirect tension. 
Although the 70° series gained strength slightly slower than the 1000 
series, by 36 hours the 70° was of greater value which would show the 
increase in the chemical action, due to greater heat, loses its impetu:s 
somewhere between 24 hours and 36 hours. The comparison curve of strain 
at ultimate stress versus age shows a very marked difference between the 
40° and 70° series and the 100° series. The tensile strain of both the 
40° and 70° were considerably higher than the compressive strain. In 
contrast, the 1000 tensile strain was never much higher than the com-
pressive strain, and several times actually lower than the compressive 
strain. Also it is noted that compressive and tensile values of strain 
at 1000 were higher than any compressive strain in the 40° and 70° 
series. It was noted that the Modulus of Rupture Tests at 40° and 70° 
were run using a half round bar transversely across the beam at the 
third point loading points whereas the 100° series were run using a full. 
round bar at these loading points. This would account for the contrast 
between the strains as just discussed. The drop in the values ot::both 
tensile and compressive strains at 48 hours however, is common at all 
three temperatures. There is obviously a hardening action taking place 
at this time irregardless of the temperature of the concrete. This 
would indicate a critical time for concrete subject to bending at any 
temperature. 
EXPLANATION OF GRAPHS 
COMPARISON OF 40°, 70° and 10QOF 
Following are graphs showing the comparison of the physical. 
properties at the three named temperatures. Data for the 40° and 700 
curves were obtained from the previously mentioned theses. The first 
two graphs gives the comparison or compressive strength from 0-72 hours 
and 0-28 days respectful.l3. Following these are strain at 50% ultimate 
stress versus age for 0-72 hours and o-28 days~ then ultimate tensi1e 
stresses versus age sho~ng both modUlus or rupture and indirect tension 
for 0-72 hours and Q-28 days. ~comparison or tensile and com-
pression strains at Ultfmate stress versus age from 0-28 days. 
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CONCIDSIONS 
Due to the fact that the hardening of concrete is a chemical re-
action which, with the addition of heat, will cause an increased rate of 
reaction, it was expected that the strength properties of concrete wou1d 
be increased in rate at 100°F. As previously pointed out this was found 
to be true, especia.]..4r at the early ages of l.ess than l. day. However, 
the unusual. resu1ts in the strength at later ages, and the modul.us of 
elasticity and strain results were not anticipated. 
The modulus of elasticity of the compression series increased ver,y 
rapidly up to 4,994,117 psi at 48 hours and then dropped considerably 
1ow-er at 72 hours and stayed l.ower up through 28 day-s. In the same manner 
the amount of strain decreased to its lowest point at 48, which was .0001.7 
in/in and then increased up to .00053 in/in by 28 days. This indicates 
the concrete continued to harden from 0 to 48 hours and some basic change 
took place between 48 hours and 72 hours where it again displayed a 
pl.astic type of behavior which continued up through 28 days at which time 
the testing ceased. Since this resul:t is peculiar only to the 100° 
series, although all three temperature series, qoo, 70° and 1.00°, were 
tested in the same manner, it would indicate the higher temperature was 
the contributing factor, all other things being equal.. It is interesting 
to note the ultimate compressive stress continued to increase up to 7 
days with no further increase after this. This woul.d indicate that the 
phenomenon taking pl.ace between 48 hours and 72 hours eventual.ly re-
stricts the limit of increase in u1timate stress. This change would not 
be due to l.oss of water through evaporation, since as shown on the curve 
of % water l.ost, the greatest amount l.ost was 25% by 28 days. It is 
accepted that less than ~% of the mixing water is needed for complete 
1.08 
hydration, which lef't 25% excess water in the cylinders at the end o£ 2B 
days. Also it is to be remembered that the aggregates, cement, and water 
were preheated 3 days prior to pouring which resulted in a rapid rise o£ 
temperature in the concrete a:rter pouring. This was evidenced by tempera-
ture readings of pilot cylinders for each series, with an average reading 
of 84° at time of pouring increasing to 98° within 5 hours. M. Rey(lJ) 
(13) Rey, M. Nouvelle methode de measure del-hydration des liants 
hydraliques. Revue des Materiaux deConstruction et de Travaux Publics, 
1950, Numero Special., October PP• 39=43. 
conducted some work on change in volume o£ cement paste submersed in 
heated water, which he used as a measure of hydration. Heating the cement 
and the mixing water was equivalent to subjecting the specimens to a rapid 
initial. temperature rise. With the curing water at 69.8°F the specimens 
continued to gain volume with maturity in an even curve. At 86°F some 
£a11i.ng of'f in gain of volume was noticed at later age, whi1e at 122°F 
and ·above the gain o£ volume was rapid at first, but ceased altogether 
after a £ew hours. A sjmjlar e££ect would be produced if the cement 
particles, when subjected to a rapid temperature rise were to develop an 
imper-meable coating Which restricted further hydration. Such a coating 
is developed when tri-calciwn alwninate hydrates when insufficient calcium 
sulphate is present in solution. The solubility of calcium sulphate de-
creases at higher temperatures while the hydration of aluminate is 
aoce1erated. This coating could be enough by 48 hours to either act as 
a cushion or as a lubricant between particles, thus allowing more strain 
at equal loadings in later ages. This would explain the decrease in 
modulus of elasticity and increase in amount o£ strain after 48 hours. 
A.G.A. Sau1(l4) round that the rate of temperature rise reckoned 
(14) Sau1~ A.G.A., Pri.ncipl.es Underlying the steam Curing o:f Concrete 
at Atmospheric Pressure, Magazine o:f Concrete Research, Vol.. 2, No. 6 
PP• 127-J.AO, March 1.951. 
:from time of mixing has definite effect on strength of concrete. He 
:found that rel.ati vely good results can be obtained if the temperature of 
the concrete does not reach l22°F unti.1 2 hours after time of mixing. 
Although the temperature of the concrete did not reach 1.22°F i.n this 
investigation, it did reach an average o:f 102° in 7 hours which would be 
an explanation :for the leveling off of strength after 7 days in the co~ 
pression tests and :falling off of strength in the indirect tension tests. 
From the apparent way in which the resul.ts of the indirect tension 
tests parall.e1 those of the compression tests in trend, not values, it 
would indicate the indirect tension test is infl.uenced much the same as 
the compression test. Thus the two tests used in conjunction should 
indicate that any unordinary results was due to surrounding conditions 
rather than the testing. Although the indirect tension may not be an 
absolute true tensil.e value, i.t does give a good indication as compared 
wi. th compression and modulus of rupture test. Al.so it is possible to 
use the same light mol.ds as compression mol.ds, and the same machine with 
no modifications which gives thi.s test value as a field or quick labora-
tory test. 
The resul.ts of the 1.00° modulus of rupture test follow the pattern 
of the 700 modul.us of rupture test tidrl3 cl.osel.y although here again 
the ultimate stress does not reach as great of value as 70°F. The 
beams being larger, the ul.timate strength was not so pronouncedly 
affected due to rapid rise of temperature. As previously mentioned some 
of the assumptions used for the Modul.us of Rupture test hold true in the 
later ages of the beams. Thus the modul.us of rupture gives a good indi-
cation of What happens due to flexure especially after seven days. The 
10~ 
values of tension and compression strai.ns closely approximate each other 
with a critical point at 10 hours in which the values of the strains drop 
to their l.owest value, then increases and drops again at 48 hours, this 
point being common at al1 3 temperatures, 40°, 70° and 1.00° as previouslY 
mentioned in comparison o:f resul.ts. Al.though the strain curves show the 
compression side o:f the beam with l.ess strain at ul.tima.te stress it was 
noted that throughout the tests the beams broke from the bottom up between 
the third points. The compressive stress was 6.3 times greater than 
modulus of rupture and 10.5 times greater than indirect tension, at 6 
hours age. By 28 days the compressive stress was 4.8 times greater than 
the modulus of rupture and 7.7 times greater than indirect tension. 
The author feels that important characteristics o:f concrete at ele-
vated temperatures during the ear4' ages have been brought out by this 
investigation. It is hoped the results will be of va.l.ue to interested 
parties and will. serve as a guide for future investigations Which of 




The rapid temperature rise of concrete after the time o£ mixing had 
ver.y definite effects on the behavior of the concrete in this investi-
gation. The results of an investigation parallel in methods except for 
the pre-beating o:r the materials wou1d give an enlightening comparison 
:for determining the extent this ef:fect has on concrete. It is recommended 
that i:f elevated temperatures are needed for an increase in rate o:r gain 
in strength~ the temperature be lowered to normal. temperature between 24 
and 48 hours. 
A more detailed investigation into the phenomena which takes place 
after 48 hours in the cylinders is recommended. This investigation should 
deal with the chemical reactions taking p1ace as well as the change in 
physical properties. There may be in these phenomena the opportunity of 
altering the physical properties o:r concrete into a more superior and 
versatile product than it is at present. 
A :further study of the strains in a beam loaded at the third points 
is needed. The actual shape of the line o:r variation the strains would 
take would be very use.fu1. There are no doubt more studies need be made 
in the future in order that engineers may more closely determine a11 
the properties of concrete :from time o:r mixing to eventual ultimate 
properties. 
SAMPLE CALCULATIONS 
COMPUTATIONS OF ABSOilJTE VOLUME OF ONE BAG BATCH 
Proportion o£ batch furnished by the Missouri High~ Department 
Proportion = ~ : 1.97 : 3.36 with a water-cement ratio of 5.6 
MATERIAI.S ABSOLUTE VOLUME (cu. ft.) 
Cement = 1 bag •••••••••••••••••••••• 0.47820 
Fine Aggregate = 1.97 x 0.6850....... 1.34945 
Coarse Aggregate = 3.36 x 0.5573..... 1.87253 
Water= 5.6 • 7.5 ••••••••••••••••••• 0.74666 
-.. Total Yield • • • 4.44684 
COMPUTATION OF MIX FOR ELEVEN BEAMS 
E1even beams == 6" x 8" x 32" x 11 ::c 16896 cu. in. 
+12 1/'d> =- 2ll2 cu. in. 
Total =- 19008 cu. in. 
19008 cu. in. =- ll 0 cu ft.. 
1728 cu. m./cu. tt. . . 
Capacity of mixer was 3 cu. yd. therefore 4 batches needed to be 
used. 11.0 cu. re. ::z 2.2 cu. rtJ .• /batch 
4 batches ... 




Cement =- 0.4947327 x 1 x 94 = ••••••••••••••• 46.50 lbs. 
Fine Aggregate == 0.49473Zl x 1.97 x 109 •• • •• 106.23 lbs. 
Coarse Aggregate= 0.4947327 x 3.36 x 92·5·•• 153.76 1bs. 
Water= 0.49473Zl x 5.6 = 2.770503 x 8.333··· 23.09 lbs. 
COMPUTATION OF MOISTURE IN AGGREGATES 
Absorption in fine aggregate = 1.5% 
Absorption in coarse aggregate = 0.7% 
% Moisture in fine aggregate 
Wet weight = 1950.00 grams 
Dry weight = 1910.50 grams 
Difference 39.50 grams 
% Moisture in coarse aggregate 
Wet weight == 2138.00 grams 
Dry weight - 2135.00 grams 
Difference = 3.00 grams 
X 100 = 2.07% 
3.00 x l.OO = 0.14% 
2135 
Effective Moisture in fine aggregate 
(2.07 • 1.5) (106.23 X .0012) :s +.07 ga1. 
Effective Moisture in coarse aggre~ate 
(0.14 - 0.7) (153.76 x .0012) = -.10 gal. 
-.03 gal. Total 
112 
CamECTED BATCH WEIGHTS FOR CYCLE c-2 (Modulus o:r Rupture Tests) 
MATERIALS WEIGHTS 
Cement•••••••••••••••••••••••••••••••••••••••••••••• 46.50 1bs. 
Fine Aggregate= 106.23 (1.000 + .0207) •••••••••••• 108.4.3 l.bs. 
Coarse Aggregate = 15.3.76 (1.000 + .0014) •••••••••• 153.95 1bs. 
Water = 23.09 + (.03 .x: 8 • .333) = 23.09 + .25 = •••••• 23 • .34 1bs. 
COMPUTATION OF STRESS AND UNIT DEFORMATION OF COMPRESSION SERIES 
S = Unit Stress D = Total Defor.mation 
P = Load in Pounds E = Unit Deformation 
A = Cross-sectional. Area (sq. in.) L = Gage Length 
Computed for cyc1e A-2, 7 day specimen 'Where P =- 40,000 l.bs. 
S = P/A = 40,Q(X)/2S.33 = 2412 1ba./sq. in. 
E = D/L = .004/10 = 40 x 10-' in./in. 
D = .0040 
L = 10" 
Modulus of Elasticity at 50% Ultimate :for average stress = 2412 psi 
and strain of = .33 in,/in. x 1o-5 
Modulus of Elasticity • ~D!:;;20:;;o: ...,6'"'WI!I~-
33 X fQ=5 
COMPUTATION OF INDIRECT TENSILE STRESS 
s = Indirect tension stress P = 1oad in pounds 
t = thickness or l.ength of specimen a= width of l.oading strip 
d = diameter of specimen 
d, = ang1e subtended by l.oad.ed area (considered :from edges of l.oading 
strip to center of specimen (see figure)5) 
S :a 2P [ 1 • d2a ( ot.- sin ci, )1 
1'rxtxd ] 
=- 2P [1 - 6 (.OCX)77)] 
1r X l2 X 6 2 X i/2 
= P X .008801 
COMPUTATION OF MODULUS OF RUPTURE 
f:::cMc Where; 
I 
f :::c tensi1e stress 
M = dead 1oad moment • PL - 4.5 x P 
c = distance to outer mSst f'iber • 4 
I =- moment of inertia = 256 
For cycl.e C-1, l2 hour specimen P =- 2200 l.bs. 
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Karl H. Dunn was born on July 3, 1926, near Morrison, Illinois, 
the son o:f Mr. and Mrs. Kar1 T. Dwm. 
He received his grade school education in the public school systems 
of several towns, namely; Morrison, Sterling, Jacksonville and Spring-
field, Illinois. He graduated from Lanphier Higb School of Springfield, 
Illinois in the Spring of 1944, at which time he went to work :for the 
Illinois Bell Telephone Company as a detai1er until entry into the U. S. 
Army Air Corps in January 1 1945. During this period in the servi.ce 
approximately one year was spent in Japan before being discharged in 
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He entered Springfield Junior College in January 1 19471 and trans-
ferred to the Missouri School o:f Mines and Metallurgy from which he 
received his B. s. in Civil. Engineering in ~~, 1950. He began working 
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time employee until May of 1955 at which time he accepted employment 
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